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OPTICAL APPARATUS 

This is a continuation of Us. patent application Ser. No. 
11/564,032 ?led Nov. 28, 2006, the content of Which is incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a technique of auto-focus 
(AF) control in an optical apparatus such as a video camera, 
a digital still camera, and an interchangeable lens apparatus. 
AnAF function provided for optical apparatuses is realiZed 

by generating a focus signal (hereinafter referred to as an AP 
evaluation value signal) representing the sharpness of video 
image from a video signal generated by an image-pickup part 
including an image-pickup element and then controlling 
drive of a focus lens such that the AF evaluation value signal 
is at the maximum. Such anAF method is called a contrast AF 
method or a TV-AF method. 

The AP evaluation value signal is typically generated on 
the basis of high-frequency components extracted from the 
video signal through a band-pass ?lter (BPF). When an image 
is blurred, the high-frequency components, that is, the AF 
evaluation value signal is at a loW level. As the image is 
brought into an in-focus state, the level of the AF evaluation 
value signal becomes higher. When an in-focus point is 
reached, the AF evaluation value signal is at the highest level. 
The characteristic of the AF evaluation value signal can be 
used to perform accurate control of drive of the focus lens 
(focus control, also referred to as AF control). 

In actual AF control, When the AF evaluation value signal 
is at a loW level, the focus lens is driven as fast as possible in 
a direction in Which the level thereof is increased (also 
referred to as mountain-climbing drive), and as the level of the 
AF evaluation value signal becomes higher, the focus control 
is performed at a loWer speed. In addition, to determine the 
direction in Which the level of the AF evaluation value signal 
is increased, that is, the direction in Which the focus lens is 
driven, the focus lens is minutely driven (minute-drive) and 
the change in the AF evaluation value signal during the 
minute-drive is monitored (see Japanese Patent Laid-Open 
No. H02 (1990)-140074). This alloWs the focus lens to be 
moved to the in-focus point in a short time. 

In recent years, a higher magni?cation of an image-pickup 
lens, and an increased number and a higher density of pixels 
of an image-pickup element have promoted the use of cam 
eras capable of picking up images With a higher degree of 
de?nition (resolution) as in a high-de?nition TV system 
(hereinafter referred to as a high-de?nition system) as Well as 
a standard TV system such as NTSC and PAL. For picking up 
images in the high-de?nition system, the AF control can also 
be performed by using the abovementioned AF evaluation 
value signal. 

In the camera capable of picking up images in the high 
de?nition system, hoWever, the folloWing problems occur 
When the AF control is performed by using the AF evaluation 
value signal in the same frequency band as that in the standard 
TV system. 

FIG. 11A shoWs a comparison betWeen a resolution spatial 
frequency in picking up images With the standard TV system 
(the NTSC system is used in this case) and a resolution spatial 
frequency in picking up images by using a higher number and 
a higher density of pixels With the high-de?nition system. In 
FIG. 11A, ‘NTSC’ (HZ) represents the resolution spatial fre 
quency in the NTSC image pickup, While ‘HD’ (HZ) repre 
sents the resolution spatial frequency in the high-de?nition 
image pickup. The ‘HD’ (HZ) is higher than the ‘NTSC’ (HZ). 
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2 
Each of the resolution spatial frequencies in this case is not 

a resolvable limit of frequency but a spatial frequency With a 
suf?ciently high MTF as indicated by arroWs in FIG. 11A. 
Typically, an adequate MTF can be provided by setting 
approximately 80% of the resolvable limit of spatial fre 
quency. 

With the difference in the resolution spatial frequency, it is 
possible that the AF evaluation value signal in the ‘NTSC’ 
(HZ) is used for AF control in the high-de?nition image 
pickup but focus cannot be achieved. This is because the 
highest level of the AF evaluation value signal cannot be 
detected for an object image in the ‘HD’ (HZ). 

FIG. 11B shoWs an example in Which in-focus detection is 
performed With the AF evaluation value signals of the 
‘NTSC’ (HZ) and ‘HD’ (HZ). A curve With ‘loW extraction 
frequency’ represents the AF evaluation value signal in the 
‘NTSC’ (HZ), While a curve With ‘high extraction frequency’ 
represents the AF evaluation value signal in the ‘HD’ (HZ). 

The AP evaluation value signal in the ‘NTSC’ (HZ) has the 
shape of a gentle hill and the AF evaluation value signal in the 
‘HD’ (HZ) has the shape of a steep hill. FIG. 11B also shoWs 
in-focus accuracy necessary for the NTSC image pickup as 
ANTSC and in-focus accuracy necessary for the high-de?ni 
tion image pickup as AHD. Since the peaks of both of the AF 
evaluation value signals fall Within the ranges of ANTSC and 
AHD needed in the associated image-pickup systems, favor 
able in-focus accuracy can be provided in each of the image 
pickup systems. HoWever, if the AF evaluation value signal in 
the ‘NTSC’ (HZ) is used in the high-de?nition image pickup, 
satisfactory in-focus accuracy may not be realized since the 
ANTSC range is Wider than the AHD range. 

To address this, it is contemplated as shown in FIG. 11C 
that the AF evaluation value signal in the ‘NTSC’ (HZ) can be 
added to the AF evaluation value signal in the ‘HD’ (HZ) (that 
is, they are synthesized) to ensure in-focus accuracy in the 
high-de?nition image pickup. 

HoWever, constantly adding the AF evaluation value signal 
in the ‘NTSC’ (HZ) to the AF evaluation value signal in the 
‘HD’ (HZ) during AF control may not result in favorable AF 
performance. 
When images are actually picked up, a minor subject such 

as a background often exists in a frame other than a major 
subject. If the focus lens is moved to the front or back of the 
in-focus point for the major subject, the AF evaluation value 
signal is not simply increased or reduced as shoWn in FIG. 
11C in many cases. 

FIG. 12A shoWs an example in Which a person as a major 
subject exists at the center of a frame, a mountain as a back 
ground exists behind the person, and an object exists in front 
of the person. FIG. 12B shoWs changes in an AP evaluation 
value signal for high de?nition (a high extraction frequency) 
and anAF evaluation value signal for NTSC (a loW extraction 
frequency) at various positions of a focus lens. In this case, in 
comparison With the AF evaluation value signal for NTSC, 
the AF evaluation value signal for high de?nition has steep 
hills due to the effects of the background and the object in 
front of the person. 
When these AF evaluation value signals are alWays syn 

thesiZed in AF control, the synthesis AF evaluation value 
signal has tWo peaks on both sides of the peak corresponding 
to the major subject (on the closest side and in?nity side) as 
shoWn in FIG. 12C. If the focus lens is driven, for example 
from the closest end or in?nity end in AF control using the 
synthesisAF evaluation value signal, the focus lens is stopped 
at the peak for the background or the object in front of the 
person, not at the peak for the major subject Which should be 
focused on. This reduces the responsiveness in AF. 
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When a small or a ?ne subject is included in the back 
ground, the AF evaluation value signal for the background is 
likely to be at a higher level. Particularly, the AF evaluation 
value signal in a high frequency band to realiZe in-focus 
accuracy for high-de?nition images tends to have a higher 
level. 

For example, When many trees form a background to pro 
duce a higher frequency band as shoWn in FIG. 13A, the level 
of the AF evaluation value signal for the background is higher 
than the level of the AF evaluation value signal for the major 
subject in the high frequency band for high-de?nition images 
as shoWn in FIG. 13B. If theseAF evaluation value signals are 
alWays synthesiZed in AF control, the highest mountain is 
formed at the focus point corresponding to the trees as the 
background in the synthesis AF evaluation value signal as 
shoWn in FIG. 13C. In this case, the background is more likely 
to be brought into focus than the major subject to cause 
so-called near and far subjects in the frame. 

In this manner, only the AF evaluation value signal in the 
loW frequency band for the NTSC system cannot provide 
in-focus accuracy suitable for the high-de?nition system. In 
addition, simply synthesizing the AF evaluation value signal 
for the high-de?nition system and the AF evaluation value 
signal for the NTSC system to provide in-focus accuracy 
necessary for the high de?nition may make it dif?cult to focus 
on the major subject to reduce the responsiveness. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides an optical apparatus Which 
can provide both of high in-focus accuracy and favorable 
responsiveness inAF control When images are picked up With 
a higher resolution in the high-de?nition system or the like 
than in conventional image-pickup systems, and a focus con 
trol method for use in the optical apparatus. 

According to an aspect, the present invention provides an 
optical apparatus (a method of controlling focus) includes a 
signal generator (a signal generating step) Which extracts 
signals in a plurality of frequency bands from an output from 
an image-pickup part and generates focus signals from the 
signals, and a controller (a control step) Whichperforms focus 
control such that the focus signal approaches the highest 
value. The controller (the control step) uses a ?rst focus signal 
and a second focus signal in the focus control. Each of the ?rst 
and second focus signals is a synthesis signal formed by 
synthesiZing at least tWo of the focus signals in the plurality of 
frequency bands, and the second focus signal contains a com 
ponent of a focus signal in a ?rst frequency band at a higher 
ratio as compared With the ?rst focus signal, the ?rst fre 
quency band being relatively high in the plurality of fre 
quency bands. 

According to another aspect, the present invention pro 
vides an optical apparatus (a method of controlling focus) 
including a signal generator (a signal generating step) Which 
extracts signals in a plurality of frequency bands from an 
output from an image-pickup part and generates a focus sig 
nal from at least one of the signals, and a controller (a control 
step) Which performs focus control such that the focus signal 
approaches the highest value. The controller (the control step) 
uses a ?rst focus signal and a second focus signal in the focus 
control. The second focus signals is a synthesis signal formed 
by synthesizing a focus signal in a ?rst frequency band Which 
is the highest of the plurality of frequency bands and a focus 
signal in another frequency band and contains a component of 
the focus signal in the ?rst frequency band at a higher ratio as 
compared With the ?rst focus signal. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing the structure of an 
image-pickup apparatus Which is Embodiment l of the 
present invention. 

FIG. 2 is a block diagram shoWing the structure of an AF 
evaluation value processing circuit in the image-pickup appa 
ratus of Embodiment 1. 

FIG. 3 is a schematic diagram shoWing the structure of 
pixels in a focus detection area in the image-pickup apparatus 
of Embodiment 1. 

FIG. 4 shoWs data for use in generating an AF evaluation 
value signal in the image-pickup apparatus of Embodiment 1. 

FIG. 5 is a block diagram shoWing a synthesis circuit for 
AF evaluation value signals in a main control circuit in the 
image-pickup apparatus of Embodiment 1. 

FIG. 6 is a How chart shoWing the details of AF control 
operation in image-pickup apparatuses of Embodiments l to 
4. 

FIG. 7 is a How chart shoWing the details of minute-drive 
control in the image-pickup apparatuses of Embodiments l 
and 3. 

FIG. 8 is a How chart shoWing the details of minute-drive 
control in the image-pickup apparatuses of Embodiments 2 
and 4. 

FIG. 9 is a block diagram shoWing the structure of an 
image-pickup apparatus of Embodiment 3. 

FIG. 10A is a How chart shoWing the basic concept of AF 
control in Embodiment 1. 

FIG. 10B is a How chart shoWing the basic concept of the 
setting of extraction frequency bands for an AF evaluation 
value signal and gains in Embodiments 3 and 4. 

FIG. 11A is a graph shoWing a comparison betWeen a 
resolution spatial frequency for an NTSC system and a reso 
lution spatial frequency for a high-de?nition system. 

FIG. 11B is a graph shoWing a relationship betWeen an AF 
evaluation value signal in a high frequency band and an AF 
evaluation value signal in a loW frequency band. 

FIG. 11C is a graph shoWing a synthesis signal formed by 
adding the AF evaluation value signal in the high frequency 
band and the AF evaluation value signal in the loW frequency 
band. 

FIGS. 12A to 12D are explanatory vieWs shoWing a rela 
tionship betWeen subjects in a frame and the associated AF 
evaluation value signals. 

FIGS. 13A to 13D are explanatory vieWs shoWing a rela 
tionship betWeen subjects in a frame and the associated AF 
evaluation value signals. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention Will here 
inafter be described With reference to the draWings. 

Embodiment 1 

In Embodiment 1, an AF evaluation value signal in a high 
frequency band as a high-de?nition frequency band and an 
AF evaluation value signal in a loW frequency band as an 
NTSC frequency band are synthesiZed (added) to provide a 
synthesis AF evaluation value signal for use in AF control. 
HoWever, the synthesis Which accentuates the characteristic 
of the AF evaluation value signal in the high frequency band 
is not alWays performed during AF control but is performed 
after a focusing operation to near an in-focus point using the 




















